In the present study, MIG welding is carried out on low carbon steel type (AISI 1015) by using electrode ER308L of 1.5mm diameter with direct current straight polarity (DCSP). The joint geometry is of a single V-butt joint with one pass welding stroke for different plate thicknesses of 6, 8, and 10 mm. In welding experiments, AISI 1015 plates with dimensions of 200×100mm and edge angle of 60 o from both sides are utilized. In this work, three main parameters related to MIG welding process are investigated, which are welding current, welding speed, heat input and plate thickness, and to achieve that three groups of plates are employed each one consists of three plates. The results indicate that increasing the weld heat input (through changing the current and voltage) leads to an increase in widmanstatten ferrite (WF), acicular ferrite (AF) and polygonal ferrite (PF) in FZ region, and a reduction in grain size. It is observed that the micro-hardness of welded AISI 1015 plate increases as the weld heat input decreases. As well as increasing the weld heat input results in an increase in the width of WM and HAZ and a reduction in the impact energy of the weld joint of AISI 1015 at WM region. Also, it is noted the corrosion rate of weld joint increases with increase of Icorr due to increasing in welding current (heat input), corrosion rate increased up to (0.126µm/yr.) with increasing of heat input up to (1.27 KJ/mm).
Introduction
Numerous welding systems are utilized to create fabricated assemblies that may not seem to incorporate welding by any means. Welding additionally has key applications for the repair of basic structural assemblies. Welding procedures are advantageously separated into two classes: fusion welding and solid state welding [1] .
The high temperature associated to fusion welding may cause entrapping some oxides in the weld metal and this action in turn degrade the mechanical properties and corrosion resistance of the weld joint. In all electric arc welding processes, a gaseous shield is therefore created around the weld zone to protect it from surrounding atmosphere [2] [3] .
It is found that the process key parameters of metal inert gas (MIG) have a crucial influence on the quality, productivity and cost of welding joints [4] [5] [6] . MIG welding process overcome the constraint of using small lengths of electrodes as in manual metal arc welding and overcomes the incapability of the submerged arc process to weld in a number of positions. It is not surprising, therefore, that the 50/50 level of the relative weights of weld metal deposited by manual metal arc and MIG processes was reached in 1973 in the USA and in 1978 in Europe [7] .
Reverse polarity (positive electrode) is used for most MIG welds. This arrangement offers more stable arc than the straight polarity arrangement, and faster welding speeds are possible. The latter results from electrons striking the consumable electrode (welding wire) which is more rapidly melted and deposited into the joint area. Moreover, as MIG welding includes the transfer of metal droplets from the electrode to the base metal, relatively deeper penetration is acquired with reverse polarity. If straight polarity is used, the large positive ions travelling toward the electrode tend to support the metal droplets, which results in shallow weld penetration. Conversely, the metal droplets are subjected to a significant downward force by the large positive ions when reverse polarity is used, which results in greater depth penetration [1] . This work presents an experimental investigation on the effect of some MIG process parameters such as weld heat input, weld current and weld speed on the microstructure (grain size), microhardness, and impact resistance of MIG weldment.
Experimental Work 2.1. Materials
In the current work plates of low carbon steel (AISI-1015) are used as base metal for the welding processes. The experimental chemical composition of the material and the standard composition of AISI-or SAE 1015 according to (SWE) are shown in Table 1 . The standard mechanical properties of the AISI 1015 carbon steel are displayed in Table 2 . 
Experiment Procedure
The plates of low carbon steel with dimensions of (200 mm Long × 100 mm Width, with different thicknesses were prepared by milling machine from both surfaces and V-single butt joint is designed by machining the specimen to angle (60 o ) from both sides as shown in Fig. 1 . Nine samples of weldments at different parameters were prepared as shown in Table 3 . Plate thickness of specimens 7, 8 and 9 with thickness 6, 8 and 10mm respectively. Metal Inert Gas welding (MIG) process is executed using consumable electrode ER308L austenitic stainless steel of diameter (1.5mm) conforms to certification: AWS A5.9/ASME SFA A5.9, it contains low carbon content and this help to prevent the intergranular corrosion. MIG welding machine used in this work was type (ESAB), Ideal arc DC-600-Lincoln Company-Sweden. MIG welding is carried out with one pass, and an electrode ER308L of diameter (1.5mm). A stop watch was used to record the welding time. All samples for microstructure prepared after cutting and SiC emery paper of grade 120, 320, 500, 1000, and 1200. Slurry of Al2O3 particles of size of 5µ m were used for polishing Process, with a special cloth. Etching process was carried out using Nital solution consisting of 2% nitric acid (HNO3) and 98% of alcohol. The optical microscopy type RGH, with digital camera connected to the computer at magnification ×200 is used for microstructure examination. J-image software and linear intercept method are used to measure the average grain size. Microhardness test by using digital microhardness tester type (QV-100-Qualitest company-Japan). Microhardness traverses 1mm (the distance between two readings), were produced across the weld regions using a 1000g load and a 10sec dwell time. To conduct the Impact test, firstly test piece is prepared based on standard ASTM A370, (the standard specimen size for Charpy impact testing is (10mm×10 mm×55 mm). The energy toughness values are recorded to evaluate the effect of heat input on the impact strength of weldments as shown in Table  4 . 
Results

Effect of Weld Speed on Microstructure
Increasing welding speed results in decreasing heat input as shown in Fig. 2 . The effect of heat input is to decrease grain size of weld metal (WM) and heat affected zone (HAZ), but no effect on grain size of base metal. Increasing of welding speed (decreasing of heat input) cause a little decrease of ferrite grain size about 11% as a decreasing percentage as shown in Table 5 , due to increasing the cooling rate. The microstructure of weld metal (FZ) is consisting mainly of acicular ferrite (AF), Widmanstatten ferrite (WF) and polygonal ferrite (PF), and refine with increase the welding speed (decrease heat input) as shown in Figs. 3, 4 and 5. Also, the microstructure of HAZ grains are also refined with decreasing heat input. From Table 5 , the grain boundary is also affected by cooling rates (heat input) which depend on welding parameters such as welding current and speed. When increase the welding speed leads to a slight decrease in grain size in FZ and HAZ, but the grain size of BM has not affected. Grain refinement is resulted at lower heat input (faster cooling rate).This is in agreement with the reference [9] . 
3.2.
Effect of Weld Current on Microstructure
It is observed that the heat input increases with the welding current as shown in Fig. 6 . A columnar grain was course as seen in the weld metal (fusion zone). Therefore, an increase in the welding current leads to increase grain size as shown in Table 5 . An increase in welding current effect on increase of the grain size in both FZ and HAZ regions. This variation in grain size due to the effect of cooling rates. The microstructure of fusion zone consists of fine acicular ferrite (AF), Widmanstatten ferrite (WF) and some inclusions as shown in Figs. 7 and 8 . The size of HAZ region grains increases with increasing welding current (increase heat input) as illustrated in Table 5 . The increase in welding current causes the heat generated to increase resulting the polygonal ferrite grains in FZ to recrystallized and grow as presented in Fig. 9 . 
Effect of Weld Speed on Microhardness
Concerning the effect of welding speed on microhardness at welding current 170Amp and welding voltage 20.2V, the microhardness distribution in different zones; weld zone (FZ), heat affected zone (HAZ) and base metal (BZ) is shown in Fig. 10 . The microhardness values of 166.6-231 HV are observed at location within 1 mm from the base metal, through the HAZ across the weld metal. From the figure, it can be seen that the microhardness values increase with increasing welding speed. This is attributed to increase the cooling rate and decrease the grain size. This is in agreement with hardness results of Zhang and Roy [9] . Besides, the maximum microhardness of WM is 201, 212 and 231 HV with welding speed 100, 150.37 and 172.413 mm/min, respectively. Width of FZ and HAZ regions, were affected by heat input with various welding speeds. Table 5 shows the increase of width of FZ and the decrease of width of heat affected zone HAZ with the decrease of welding speed.
Effect of Weld Current on Microhardness
Concerning the effect of welding current on microhardness at welding speed 200 mm/min and welding voltage 20.2 volt, the microhardness distribution in different zones; weld zone (FZ), heat affected zone (HAZ) and base metal (BZ) is shown in Fig. 11 . The microhardness values of 166.6-247 HV are observed at location within 1 mm from the base metal, through the HAZ across the weld metal. These hardness results are partially in good agreement with literature. Güral, et al. [15] , have found that maximum hardness values are measured in the area of weld metal (FZ). Nevertheless, in the present work, the maximum hardness is both in weld metal (FZ) and heataffected zone (HAZ). The variation in properties across the weld can be attributed to several issues, essentially to residual stresses just created after welding.
Welding current is the most significant factor, which effected on the microhardness. The hardness decreases with increasing the welding current (heat input) which increases the width of WM and HAZ regions as shown in Fig. 11 and Table 5 . This is due to the decrease of cooling rates when increasing welding current and this effect turns to decrease in the microhardness of the welded joint. This is as result of increasing of the grain size i.e. coarser grain in HAZ region. The microhardness reaches maximum value 203HV at the middle of weld metal FZ and drops gradually to the base metal 166.6HV.
Pores Inclusion
Effect of Plate-Thick on Microhardness
Plate thickness plays the essential role in the effects on microhardness. Fig. 12 shows the microhardness distribution in different zones; weld zone (FZ), heat affected zone (HAZ) and base metal (BM) at different welding current and welding voltage. The microhardness values of 167-253 HV in Fig. 12 are observed at location within 1mm from the base metal, through the HAZ across the weld metal. It is observed that the microhardness values decrease as plate thickness increases because of drop in the cooling rate and the increase in grain size of WM and HAZ. The peak microhardness value is 219, 212 and 208HV in HAZ region, respectively with increase of thickness. In addition, the width of HAZ is affected by plate thickness, where bigger HAZ width about 3.5mm was obtained at thickness (10mm), this is attributed to higher weld heat input; slower cooling rate [17] , as compared with other plates. Width of FZ and HAZ regions, were observed Table 5 , it shows an increase of width of FZ and heat-affected zone HAZ with the increase of plate thickness.
Effect of Heat Input on Impact Resistance
To evaluate the effect of heat input developed during the MIG welding at different parameters, on the impact strength, a set of three specimens is selected and the results of absorbed energy that obtained from the testing machine were tabulated in Table 6 . In this table, it can see that an increase in heat input leads to drop in cooling rate [18] and it gives an effect of decreasing the impact strength within this value of current as shown in Fig. 13 . From the experiments, it is shown that for the range of current 220-260Ampere, the impact strength of the weld and heat affected zone of the weld joint reduces. As a result, the higher heat input, the lower impact toughness value, this in agreement with literature [19] . 
